In 1976 the Adenoviridae was subdivided into two genera: Mastadenovirus and Aviadenovirus (Norrby et al., 1976) . To date, at least 11 distinct avian adenovirus serotypes have been distinguished, with serotype classification determined primarily on the basis of their immunological properties (McFerran & Connor, 1977) . The fowl adenoviruses (FAVs) have been associated with a variety of clinical and pathologic conditions, including respiratory disease, marble spleen disease, inclusion body hepatitis, egg drop syndrome, enteritis and others, that are found to occur in chickens, quail, turkeys, pheasants, geese and guinea fowl (Fenner et al., 1987) .
Most of the current knowledge about the structural and functional organization of the adenovirus genome stems from studies on the group C human adenovirus (HAV) types 2 and 5. As with HAV, the genome of FAV consists of dsDNA with inverted terminal repeats and a terminal protein attached to the 5' end of each DNA strand (Robinson et al., 1973; The nucleotide sequence reported in this paper has been submitted to the GenBank database and has been given the accession number U26221.
et al., 1983; Sheppard & Erny, 1989) . FAV resembles HAV in possessing similar early and late transcription phases, similar mechanisms for DNA replication (Bellett & Younghusband, 1972) and by having several similar proteins (Li et al., 1984 , Sheppard & Trist, 1992 , Cai & Weber, 1993 , Sheppard & Trist, 1993 . The FAV structural proteins, however, do not cross-react immunologically with any of the HAV proteins (Norrby et al., 1976) and FAV shares only very limited DNA homology with HAV (Alestrom et al., 1982a) .
The adenovirus is a non-enveloped isometric particle, composed of 252 capsomers arranged in icosahedral symmetry (Norrby et al., 1976) . Of the 252 capsomers 240 are hexons and the hexon protein is therefore the major protein of the adenovirus capsid (Philipson, 1979; Ginsberg et al., 1966; Norrby et al., 1976; Toogood et al., 1989) . Each hexon protein is composed of three identical polypeptide chains, and the coding region for the hexon occupies nearly 10% of the HAV genome (Philipson, 1979) . Since the hexon is the major component of the virion and has been shown to carry type, group and subgroup antigenic determinants (Norrby, 1969; Norrby & Wadell, 1969) it is of interest to locate and characterize the FAV hexon gene so as to enable comparison of this major structural protein with other known hexons.
In this report we have mapped, cloned and sequenced the hexon gene for FAV-10, the only non-mammalian hexon so far identified. The complete gene sequence was obtained and compared to those of the HAVs, bovine adenovirus type 3 (BAV-3) and murine adenovirus type 1 (MAV-1). As well, we identified the splice acceptor site for attachment of the major late promoter leader sequence, which is attached to all late mRNAs. This indicates that like its mammalian counterparts, the FAV hexon is a late gene product.
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A positive clone selected from a Sau3A genomic library of FAV-10 in the expression vector pGEX, after screening with antisera raised against FAV-10, was chosen for further characterization. The FAV-10 DNA in this clone was used as the starting material for nucleotide sequencing and further analysis. DNA sequence analysis revealed an insert of 427bp and comparison with the HAV-2 genome revealed DNA sequence similarity with the HAV hexon gene located between nucleotides 1897 and 2324. The 427 bp sequence of FAV-10 showed 62.5% DNA sequence identity throughout this region, suggesting that the clone contained part of FAV-10 equivalent to the HAV-2 hexon gene. Probing of FAV-10 DNA with the 427 bp fragment revealed hybridization to the BglII 5 fragment. This provided an approximate location for the hexon gene of 49.5 to 52.6 map units in the FAV-10 genome (Fig. 1) ; this is to the left as compared with the location of the HAV-2 hexon gene at 52.4 to 60"5 map units (Roberts et al., 1986) . The entire 3.2 kb BglII 5 fragment was cloned into the pIC19R vector, subcloned and sequenced.
Analysis of this sequence revealed a provisional initiation of translation site at nucleotide 428 with a local sequence of CCGCCATGG giving a perfect match to the optimal translation initiation sequence of CC(A/G)-CCATGG as described by Kozak (1984 Kozak ( , 1986 Kozak ( , 1987 . From this ATG an open reading frame (ORF) extending beyond the 3' boundary of the BgIII fragment was identified. This ORF contained the 427 bp fragment initially sequenced and shown to hybridize to the BglII 5 fragment (Fig. 1) . As the coding sequence for the FAV-10 hexon gene appeared to continue past the BglII site a BglII-SmaI fragment was cloned which contained the left end of the BgllI fragment 4 up to the Sinai site (Fig.   1 ). This allowed the remaining portion of the hexon gene to be sequenced. Once the translation stop signal was identified the entire gene was resequenced using the complementary strand for confirmation. The region containing the join between Bg/II 5 and 4 sequences was confirmed using a PCR amplification across the BglII site between BgIII 5 and 4 and sequencing of both strands ( Fig. 1) .
If the provisional initiation start codon location is correct then the FAV-10 hexon consists of 2808 nucleotides coding for 936 amino acids with a predicted molecular mass of 105"5 kDa. This is smaller than the hexon in HAV-2 and HAV-5 and this finding is in agreement with previous protein analysis clata reported by Li et al. (1983) showing that the FAV-1 (CELO) hexon has a smaller molecular size than the HAV-5 hexon. However, the FAV-10 hexon gene is larger than the hexon coding regions of HAV-40, HAV-41, MAV-1 and BAV-3 (Hu et al., 1984; Toogood & Hay, 1988; Toogood et al., 1989; Weber et al., 1994) .
The FAV-10 hexon gene has an overall G + C content of 58"3 %, which is significantly higher than the value (49.7 %) for the HAV-2 hexon gene. Because of this difference in G + C content for the hexon coding region between FAV-10 and HAV-2 the codon bias was analysed. There was a strong preference for C, and to a lesser extent G, in the third base position. For example, phenylalanine TTC (61.8%) predominated over TTT (38'1%) and for leucine CTC (33'3 %) and CTG (60"9 %) were more common than CTT (5.6 %) and CTA (0 %). The preference for C as the third base is reflected by the value of over 40 % for the percentage of C nucleotides at this position. The DNA coding region of the FAV-10 hexon has an overall identity of 50"7 % with the HAV-2 equivalent. This indicates that the 427 bp region that was originally identified contains a sequence with identity to the HAV-2 hexon gene that is well above that of the average.
The completed sequence allows the FAV-10 hexon gene to be mapped more precisely. Previously, the FAV-10 penton base gene was located at 37"7 to 41'3 map units (Sheppard & Trist, 1992) , a position slightly to the left of the HAV-2 penton base (39.4 to 44.1 map units). In this case the FAV-10 hexon gene maps at 46"9 to 52.8 map units which is to the left of the HAV-2 hexon gene (52.4 to 60-5 map units). The difference in map location could be due, in part, to the less precise mapping of the FAV-10 hexon gene as compared to the hexon gene of the HAV-2, where the entire genomic sequence is known (Roberts et al., 1986) . However, the position of the hexon gene in relation to the penton base gene is the same for both human and avian adenoviruses.
The phenomenon of splicing precursors to mRNA was originally observed in cells infected with adenovirus (Berget et al., 1977; Chow et al., 1977) . Splicing of transcripts in HAV must rate as one of the most complex, with all late and early coding regions undergoing some kind of splicing. The late gene transcripts are further complicated by the addition of a tripartite leader (TPL) sequence added to the 5' end for each gene coding region (Jones, 1986) . In HAV-2 the TPL is added 39 bp upstream of the translation start codon for the hexon gene (Akusjarvi & Pettersson, 1978) . The consensus sequence for the splice acceptor site, (C/T)AGG (Mount, 1982) , is well conserved with no exception to the AG dinucleotide for HAV-2 genes (Jones, 1986) . In order to determine if this was the case in non-mammalian adenoviruses the 5 r end of the FAV-10 hexon gene was investigated for (1) the occurrence of splicing, (2) the location of the splice acceptor sequence relative to the translation initiation codon and (3) conservation of the splice acceptor sequence. Late mRNA was extracted from infected cells and cDNA was produced. The 5' end was amplified using PCR with appropriate oligonucleotides from within the hexon coding region, and either the FAV-10 leader sequence or by G-tailing the 5' end of the mRNA as previously described (Sheppard & Trist, 1992) . This amplified DNA was cloned, sequenced and analysed. The presence of an actual splice acceptor was determined (sequence TGTCGCTTTCGCTAGG) and the most 3' G was located 12 bp upstream of the hexon initiation site of the translation codon. The position of the splice acceptor site for the FAV-10 hexon is some 27 bp closer to the ATG codon than in HAV-2. The sequence of TAGG for the splice acceptor conforms to the consensus sequence of (C/T)AGG and shows that like its mammalian counterparts the FAV-10 hexon is a late gene with the late leader sequence being Spliced to the mRNA.
As the hexon is the major capsid component it could be expected that structural constraints would dictate, to a degree, its amino acid sequence; at the same time the hexon is a major antigenic component of the virion and therefore variation in its amino acid sequence could also arise from immune response selection pressures. Previous studies on mammalian adenovirus hexons have shown high levels of amino acid sequence conservation (Kinloch et al., 1984; Hu et al., 1984; Toogood & Hay, 1988; Toogood et al., 1989) suggesting that structural constraints do play a part in the amino acid sequence of hexons. Hexons are homotrimer stuctures that give rise to a pseudohexagonal shape with a triangular top superimposed on the base (Roberts et al., 1986a) . The pseudohexagonal base has been shown to be composed of three copies each of the two more conserved pedestal regions P1 and P2 (Toogood & Hay, 1988; Toogood et al., 1989; Weber et al., 1994) . The major amino acid changes, whether they be deletions, additions or mutations, are concentrated more frequently in the regions forming the three triangular projections that form the exposed surface of the capsid (Roberts et at., 1986a) . The triangular projections or towers consist of Short communication ..
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three intertwined loops (L1, L2 and L4) that are not as conserved, therefore allowing the various serotypes to present different surfaces while maintaining the necessary conservations to allow the hexon-hexon contacts that are necessary for capsid formation (Toogood & Hay, I988) .
Comparison of the FAV-10 hexon with the mammalian hexon allows the identification of loop and pedestal regions (Fig. 2) . Like its human adenovirus counterpart, the areas of greatest amino acid sequence conservation in the FAV-10 hexon are the corresponding pedestal regions, and the regions of greatest variation are the corresponding loop regions (Table 1) . Since the L3 region is used to stabilize the interface between P ! and P2 and thus is not part of the exposed hexon surface (Roberts et al., 1986 a; Toogood & Hay, 1988; Toogood et al., 1989; Weber et al., 1994) , it has a higher degree of amino acid sequence conservation than is found in the other loop regions (Table 1) . In HAVs the endopeptidase gene follows on 3' from the hexon coding region (Roberts et al., 1986) . Recently, this has also been shown to be the case with the avian type 1 adenoviruses (Cai & Weber, 1993) . Analysis of the sequence immediately 3' of the hexon coding region of FAV-10 revealed the start of the endopeptidase gene (Fig. 3) . Comparison of the amino acid sequences revealed 65 % identity between FAV-10 and FAV-1 for this region. Also, Cai & Weber (1993) reported the final 30 amino acids of the hexon for FAV-1 and comparison of this terminal hexon region between FAV-10 and FAV-1 revealed 100 % identity at the amino acid level.
In this paper we have described the identification, location and sequence of the gene in FAV-10 that is analogous to the hexon genes described for human, bovine and murine adenoviruses (Kinloch et al., 1984; Hu et al., 1984; Toogood & Hay, 1988; Toogood et al., 1989; Weber et at., 1994) . As FAV-10 belongs to a different genus than the mammalian adenoviruses, and since the two genera share no common antigenic determinants and only little DNA homology (Norrby et al., 1976; Alestrom et al., 1982 a) study of the hexon is of importance because FAVs are grouped as adenoviruses primarily on the basis of structural similarity of the virion. We have shown that the regions that are responsible for the hexon structure (the pedestals) are more conserved, whereas the exposed regions (loops) are more variable. This allows avian adenoviruses to keep their adenovirus morphology while not sharing any common epitopes with the mammalian adenoviruses.
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